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Our work has mainly shifted to DNA transfer in Bacillus subtills, The main
1ine of work continuing with E. eoli is Dr. E.M. Lederberg‘s study of deletional
losses of genes of the galactose complex from exogenotic fragments, Many hetero-
genotes initially contalning fragments that span the entire sequence of galactose
genes throw off progeny which have lost parts of that implement. A map of the
galactose genes based on the deletion pattern has given a sequence roughly analo-
gous to that established by other methods, but many anomolies remain,
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and are routinaiy tosted in all convenient combinations for linkage. Most of the
mutants affecting the biosynthesis of aromatic amino acids are linked on the same
molecule of DNA. Dr. E.W. Nester has established their linkage order by three~
and four-point mapping tests. The genetic sequence of the markers tends to corres-
pond to the biosynthetic steps. However, one intercalated segment within this
molecule concerns a step of histidine synthesis., Further more, mutations have
been found in which the synthesis of tyrosine isrepressed by histidine. The
repression phenomenon gives us a unique opportunity of determining whether these
controls are exsrted by direct combination of the repressor substances with the
genic DNA, The well established linkagz of markers in the tiyptophane pathway
has allowed an examination of the molecular conditions for linkage.

Larger DNA moiecuies containing several linked genes can be sheared either
mechanically oy enzymatically into smaller secments in which the individual genes
remain active, but are no longer linked to one another,

The DNA of B, subtilis is compositionally more heterogeneous than DNA from
some other sources. This is manifest by a significant broadening of the DMA band
in pycnographic separations in cesium chloride solutions. Spectrophotometric
studies on the fractions, together with their thermal denaturation patterns
suggest a variation in composition of different genes from about 42-45% GC.

We do not know much about competence whereby properiy treated cells obtain
the capacity to take up DNA. The compeiant cells appear when the culture begins
to lyse. The competent cells in the population, which rarely but occasionally
exceed a leyel of 1% of the population, have the following properties: they are
substantially less sensitive to osmotic shock; they are somewhat retarded in their
growth and therefore more resistant to kitling by penicillin; they sediment more
rapidly and may therefore be larger then the typical cells; and they are rather
more sensitive to killing by high temperature or exposure to erythrosin and
light. These observaticns point to the zompetent cells being atynical in their
growth prcperties, but do not yet lead to a comprehensive picture of their
distinction. The competence but not the viability of the cells can be abolished
with either periodate or with pronase; this suggests that the receptor substance
may be a glycoprotein., Competence is significantly reduced by exposing the cells
to glutathione.
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".SEXUALITY IN E. COLY.

F-Prime Strains (Hirota, Sneatnh, £.M, Lederberg). .Some strains of‘i. coli
K 12 had been noted to be highly fertile in an unstable fashion; for the mo most
part they had been isolated by :indirect_selection (replica plating) for Righ
male fertility. When crossed to Lac” F females some of these gave unstable
Lac recombinants segregating Lac ~ progeny. This: process was - reminticent of
our previous observations on heterogenosis after transduction of Gal by lambda.
Further studies indicated that thé!E particle, normally concerned uniquely with
sex~determination, could become associated with a chromosome segment, which it
“‘then transferred ‘at conjugatiomivith very high effi¢iency, " Similar findings
have baen pub}ished by Adeitberg and Jacob,. under ‘the heading of F - episomes.'

Attachment Sites for F (Richter). Host female stralns are |nfectable
with F to become: standard: Fr smales.. .kh'.such males,.Fi:behaves as an extra
‘chromosomal-. panr:cle which rare}y'attaches to ‘the chromosome and mediates a.
canjuga)l:. Function. . .Special female strains were: found to have sites with.a ,:
“high’ affih;ty for: infecting. F. particles, leading to. the prompt establishmeht .
,of a speciflc Hfr character.~~ _

1s £F Fertility due to Mutation to Hfr? (Lederberg). That some can be
attrjbuted to mutation is indybitable, since Hfr mutabts. are.iso1at¢d from F
.culturés.: However, thls effort o iten fails, and ‘mahy Hfr clones appear to
be-highty unstable. .’ Plating of i cells Into-lawns.of F . indicators showed
a hlgh incidence- ofJF infection of the recombinants' {as: reported originally);
HfriF progeh‘es o the same plates: did fiot., refutcng the suggestion that the
transfer of F. is by, p1ate supnrsnf gtion of the cross. ' That is, the mating
recombipant~ybejding cell in most F* X F .crosses.if f~infective, enlike the
typical Hfr mutant.’ Howeven, .all intermediate degrees: of stability of the
F/chromosome association ‘are indicatad.

. stlnfectlon of 'F- Hirota) Hirota had previously.'shown that-F" -cultures
of ‘Ei coli lost their.F" character when.cultivated in the presence: of acridine
dyes. Examinatlon of small “clones In microdrops verified that this was.an
-Indiced loss' and not a selection of. spontaneous F~.mutants.. Whils. the known
reactlvtty of acrndrné.orange with nucleic acids is suggestive, we could: devise
no explicit proof that £ is DNA or RNA, one of many frustrations at. reducing..
E= coli genetics td.chemistry.

i:Devirilization of Male Cells (Sneath). Acridine orange removes th¢+F
partdple ‘but: does not. immediately destroy theimale-reactive surfacé of F~
cells. cgnversely,‘periodate inactivates a male '‘réteptor’ but does not attack
the F particle, viz. maleness regenerates on: further incubatioh of the' treated
cells. This clue should have led us to the delineation of a specific receptor
substance, but efforts to establish an assay for this, e.g., the blockade

of female cells were singularly fruitless.




Genetic Classification of Galactose Mutants (E.M. Lederberg). The \-gal
transduction system was exploited for a study of gene-enzyme relations, initially
in collaboration with Kalckar. To make the systems useful for biochemical study
by a number of workers, theé.mutants had to be classified, especially in cis-trans
functional tests, and homogenotes and HFT test lysates established. Cistrons
relating to each of the enzymatic steps in galactose utlllzatlon (as establlshed

fiby Kalckar) were: udentif:ed, s
'Gal '

KT Kinase ~ﬁ'-Ga| + ATP “—->-Gal l-P +. ADP

_Ga!T.: i"i' Transferase: Gal*l-P + UDP Glu —3 Glu-l~P + UDP Gal-~ .
'eaIE.? : Eplmerase uaP Gal — UDP Glu

IR . [P

in addition, contrary to tﬁen f]rm ldaas, po:nt mutatlons affecti' _,all three

furictions were-found, and -attributed to a regulatory system, now formulatedf
as an ‘‘operon'!

:glochemical Characterization of Gal mutants (Soffer).: In parallel with -
the'cistron tests; a range of .mutants ‘was ~screened for -enzymatic defect, mainly
by-Kalékar's: methods. The élassification was generally concordant :with..the cistron
tést. - Howéver, many Gal mutants-tend to undergo solution:for:superimposed’ mu~-
tations of other ste ps, requiring cautious control of.the genotype of . strains
as actually used for blochemacal study

Beletlonal Losses from Gal Exogenotes (E M..Lederberg) Tﬁe“fréhsduced
fragménts, e.g.4* in" arsystem:Galt +—x Gal™ > Gal+ /Gal~ .generally: span
the whole 'set-of ‘Gal genes. -On oceasion; c1ones of such ﬁeterogenotes throw

-progeny that are still heterogenotic, but have & restricted content of Gal

: genes ih the exogenote, the variation resembling segmental deletion.of greater

or’ 1ess ‘extent. fzue deletion pattern has been used to try.to map the Gal::
genes -with pariizi success. :Dri-E.. Calef (Pavia) had lndependently dlstbwered
simitar:déletions and a Joint-publ:cation is beung prepared. o

immunogenetics of E. coli (Orskov and OrsPov) Strain K 12 is unsuitable

‘for serologital analysis.: - But-Kauffmann: snd. the Orskovs have established an

elaborate serotyping scheme for the species E..coli in ‘which: recombinatnonal
patterns stand’ out.- A systematic survey of serotype strains showed no correlation
‘bétween' serological--type and crossability.. -At:first only & few. per cent.of

’ Stra:ns were believed to be fertile, but improved :techniques. have raised that

‘estimate to'a. major-~y, though many: strains show @ low productivity. with.some
partners. Attempts to map the antigen genes were hindered by many technical
difficulties. They were eventually located in the most inaccessible part of
the, ‘map, -and ‘recombination- of 0, K, and H-determinants. established. - On the

basi’s of these studies, the Orskovs -have subsequeéntiy established a: uniquc

" fedeterminéd antigen which may.be equivalent. to the: male-receptor, and al lows

another approach to its assay and localization.:



Deletions of the Lac region {Cook). Mutants affecting p-galactosidase have
- played an -importent role in the development of current ideas on gene-enzyme
rolationships. Most of these are:point _mutants affecting one of their fynctions =
“th Monod's te:m{n&logy, ¥ (permease) 2z~ (enzyme structure) 1~ (lnduclblllty)
Fufthe?, some mutants are o~ (operator) regulating the. function of the Nhole
‘segment (oparfn) A few mutants were shown to' behave as delétions, when
tested. by large scaia recombination  analysis.. It was hoped"tﬁat ‘the deletions

mnn‘rl hoalo in fl-ua fima structure manping af the | ar: réalon. hut moct nf them
" LA~ .l“.r (8] S biv L4 lll'v ]uw!-\-ll\v ‘.‘“r’f"'l'” e LR R AN L S g .vs'w‘. Uu. "v ﬁ .

proyed to. be very Iarge hut coextensive loskes’ pountlng to séme struqtural
peculnarlty in the one, .tra:n in which they- frequently occur. The deletions
“have however - been particularly usefyl. cn'physiologital studies in Pardee and
‘Jacob! s* Iaboratories and; ig:-the study of Pl transduction* by Lurta. A very
few small’ and d'agno tically .usefut deletions were found. One of these has

a pure z efféct lalthough it encompassesca number of point mutatféns which have
both Z and N ef?ects until now attributed to an ‘loperator! ségment. The
model may -be too shno!e.

Deteqtion of Enzyme Activrtf of Single:Cells and Single Molecules (Rotman).
_Pfesent studies af e enzyme activity. tireat an ensemble of cells or molecules as
“Tf they are homogeneous and can give only an average picture’ DF parttcle popu-

lation. Methods to examine single particles would have wide appllcatlons.

Such a method has: been developed for B-galactosidase involving the use of de-
_rivatives. of fluorescejn in-a microscope-f1uorqmgtrlc systhe, - The»éhzyme .
jreleaSes ?luoresaent ‘products from a:non=-fluores cent’ 'substrate. " Thé system
T was- orcglnally dasigned to_study single bacteria in the m1crodr0plets but was
'S0 successful that. its; application to single enzyme molecites seemed feasible
! and was, in fact, accomplnshed - Enzyime ‘solutions’ dlluted to a concentratlon of

tha Qrder of. .one molecule per .sapple dropletshowed-a’ Poisson distributlon of
~f'qurescenc;e intensity - in good. accord with this expectatlon, and verify|ng

the turnover number of the enzyme. Another applicatnon of “the” method was to
duwlthat tharmal inacs ivation -has an all-orenon -éffect on the actuvity of .

single. enzyme mokecu&es. 0o the other hand}.# mutant strain of E. caoll .

“{ D Ferrln) produces enzyme mcleculés which are uniformly depressed in activity,
'not’ a mixture of - inaattve @md fully active molecules. -

- BENETICS OF SALMONELLA

Control of Flagellar Synthesis in Salmonella (iino and Lederberg). The
alternation of flagellar phases in diphasic Salmonella had been shown to
depend on the change of state of a controller gene closely linked or identical
with the H, antigen determinant. Two complexes of genes have been discovered
through thg examination of a number of naturaliy occuriing as well as laboratory
mutants. One series Is linked to the Hy determinant and includes another
factor, Ah,, necessary for the manifestation of whatever allele is present
at the H, locus. In addition some factois necessary for the development of
any flagella are also linked to H;. The H, complex includes the alleles
at H, which define which of a number of alfernative proteins will be fabricated
into“the flagellum when the cell is in the H, state, the already mentioned phase=2
controller, an Ah_ factor . necessary for“any manifestation of Ha, analogous
to Ah,, and f:nal%y a Vh, factor which regulates the frequency with which the

contr&ller oscillates to“allow for the alternative manifestation of the Hy vs.




theiH :antigen. In addition )ino has subsequently characterized other modifiers
"of¢th$‘mbrpho]ogy of the fligella and Stocker has demonstrated factors contirolling
the*secﬁndary chemical composition of the flagelta, e:g., the methylation of:
iy%1ne‘ 7Altogether a2t least.’a dozen distinct genetic. functions in the flagellar
system have been -catagorized. Althoughcomplex the system has définite rules -
which are foli0wed strictly by the overwhelmlng majority of strains and enable
- one: to understand some genotypic anomal.ies that have arisen-either in the labora-
tory.or in patura) populations. For example, one strain of Salmonella ‘paratyphi
B, unfortunately very sluggish-in its phase variation, has ‘experienced a duplication
of the H, locus so that derivative strains carrying each of two typical'H,’
alleles éan be. isolavuis.. Furthermore one of the H, alleles is’ seroiogicaily
indistrnguishabie frow the '),2" factor which is customarily an allele at H,.

The .suggestion. that the H, and H, Yoci retain some degree -of mutual h 3
is supported by .the unique occurfence of' a recombinant in- ka:h the H factor
cross over into the H, region and behave subsequently as H It wouid be impor-

tant to know whether %he change of state was strictly a nugieic (nucieot:de
substitution) phenomenon or whether epinucleic controls: are. involveds.. Unfortunately,
we can ‘ohly speculate in the absence oF more incisnve technlques £ - the genetnc
chemustry of Saimonexia. A L

genetic Analys:s of Saimonelia Stracns by Crossing (Atklnsonithakela. and

E.M. Lederberg). . Happily: superseding.our own previous negative reports, BarOn
and others have succeeded in crossing .E. ¢coli with Salmonella and then some
Saimoneiia strains with one’another. With the help of this assurance ‘and at first
with. some .of Baron's strains,.we hoped to establish’ crossabniity among ‘Salmonella
g_strains that might -assist in the analysis of the flageiiar system," Subsequently
we found the F' male determinant to be especially useful for conferring ccnju-
gabuilty on the Salmonella. strains we were specially interested in. ' The favorable
effect of serpal transfer .of .the F .13 particle from one Salmonella to another in
enhancing further ‘artility syggests some kind of host modifncation or partial
segmental . ‘exchangc. .:atween the F 13 -and the indigenous chromosome. 'However,
“the F 13 fragment;hn.ortunateiy has a very: low capacity to -transfer' the ‘chromosome
region concerned with antigen determination, and:new.F-primes must beé sought on
the same principles to make any headway in immunogenetic analysis.




DNA TRANSFER M BACILLUS SUBTILIS

_ GVer the past three years we have qraJually shufted most of our effort
to the system of DNA transfer Or!glnaliy |scovered by Spnzneen. .

Uinkage. The gtetnmanary outline cf the work wao to prepare a number of
auxotropﬁic mutants for'comparatlve studies of their transformation behavnor

and with thé ultumate objective of senaratnng the DNA correspondung to ‘each
marker.  From past expetience with Salmonella transduction, we antlcnpated

that linkage might ‘eventually be found but only after a tedious and extensive’
search. As it happened the hisp, marker was among the first mutants to .be iso~-
lated in an indole~requiring strain, - Subsequently the two markers were found

to be co-transferred at a frequency as high as T0% and the conclusion that

they were linked bécame inescapable. - That is, the statistics of. transformatfon
leads to ‘the inference that the scme DNA molecule carries segments corresponding
to a step 1n the biosynthesis of eath of these two amino acids. In further
work we have: especially concentrated on the properties of this linkage group’
‘and ‘have been able to’ identnfy and tentatlvély locate a considerable number of
additionﬂ?‘ma.ners according to the followlna map.
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"1t wi'lti e noted that most of these markers are concerned with various

“steps’ in the »(OSYnthCSIS of tryptophane,phenylaianlne and tyrosine, i e., ‘the
aromatie’ amino, acidé. However) additional mutants involved in phenyTalaﬁane '
synthesis havz’been found which are not closely linked to this segment and”

the significance of the intercalation of the histidine ‘marker remains enigmatic.
These studies have’by né means reached the point where we can be sure that the
loci indicated are s*rucfural genes controlling the amino acid seﬂuence of*the
corresponding enzymes. Wé note further the mutatioﬁ for histidnne sénslt:v:ty
which, being relieved by tyrosine, peints to an interrelatton or confuslon in
the repression of- blOSynthests of these amino acids., Mutants’ affectlng aromatic
‘amino acid biosynthesis were systematncally sought on the expectation that they
"had ‘a favorable.chance- of being linked so that the further enTargeMent of this
lankage group is not astogether accndental.,fﬂester, Schafer and Lederberg) '

‘A second llnkage group has recertly been’ found by the appltcation of
similar principles = this comp:isea markers for varlous early steps in the
biosynthesis of arginine. '



Breakage of anag__groups by mechanical ‘sheat. - The "arcmatic' linkage
group offers an unusual opportunity to examine the molecular conditions for
Iinkage. By treating DNA solutions in a micro-homogenizer the DNA can be
degraded-to fragmenis of:lower.molecular weight whose capacity for, linked
transfer has been atténustéd.very,much more than the transfer Jf {4oldted markers.
This is precisely in accord with expectations based on the distribution of the
deferent genes-along.different, segnents. of an. elongated polynucleotide. The
samy’ h‘%féct can-be-producied. by:exposing the DNA. f.Qr brief Intervals to an endo-
nucteasé ‘r'Ha‘ studies.-of enzyme: ¢ffect. on. the transforming DNA are esppcially
important as the basis. ‘far fattempts to. esgabHsh thg neg synthests of Bldfogtcal
actnvrtquich'Kdrnbe.v s pabwnerase—sysfem.~(Nes¢er andnsanesqn) o o
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Effcrts at' raegh-mti’on of:bjoloal otivity (net synthesis o (1n col-
Iabomt?oﬂ* with Kornbeing land :Lebman). (Bodmer),. . Several previdus efforts to”
,"-estabﬂsh the repllcataon,of transfor,miqg activity in' thq polv/merasq systeni
i using BJ subtilis ONA as :primer.had-given only the substant.ial inactivat"fon of
the pr?mér activity.. This was -attributed.to, aaresidue of nucrea;e in the s
polymera.*.e preparations and.ithe problem has, reccntly ‘been taken _up ‘agdln ‘with’
the ‘use‘of-moré highty purified preparations; of the. quymprasg\ So’ Sr, ‘thése
have been confined to the necessary: preparatory. yorﬁ of,. kmetic stgdllesmcf ‘the
inactivation of the transforming activity. The new preparations have Shown™
~“the -surprising .effect of gonsiderable reduction in the viscosity (characteristic
cham length?) with. now inappreciable losses of t‘he ‘activity of-the pﬂmer material
A 5y
Molecular fractionation of B. subtilis genes (Ganesan). The DNA of B. subtilis
is compositionally more heterogeneous than DNA from many other bacterial sources.
This is manifest by significant broadening of the DNA band in pycnhographic
separations in cesi.m chloride solutions. Fractions corresponding to the
different buoyant d¢ensities have been found to show substantial enrichment of
,,trahgformng‘ activ . for.various markers. .:Spectrophatametric studies on the
"'f’racthns, :together «i+h:thein thermal. denaturauon pattemasuggest a variatlon
in mpqsitmﬁ of 41 “férent ‘genes -Fram abaut N2<456 GC.  These findings Have’
made: ft- poséible 6 dchieve 'a substaniial, fractionatian, of DNA for ;p&érfrc :
neti’c abtivities and to'allocate:different: markers:to di??erent seéments of .
a he variation: ‘in ‘G content. However, thg varigus. markers qf ‘the "argmatic“ ‘
M lnl’thgé group -appedred ‘to be relativeiy.yr ,qurm in the,ir GC qontent Tbémal
‘studies suggest: that some molecules yay g more . reglonally varisble. s;m‘:e uhder
. cér‘tatn conditioris ‘O0f ‘denaturation:DN4. {ractions are found mfch haye i _‘,'
J’Buoyant ‘dens 1ty 1Atermediate batween: thes. of the, native, and the denatured DNA
. de\ have” rétaivied most of theit'*biological act;lwty. ,we wpulg ‘tentatively
’lhter‘preft ‘these' iateriediate! forms. as. DNA modecyles whict! are’ partlaliy depatured
at the‘critica¥ témporature owing th.a lower GC.content. in certain’ segmen;s
while the marker genes, having a higher GC content, remain ‘in the ‘intact “double
stranded' condition " Pirticularly:if physico-chemical. studies bear out this
intérpratation of heamy dénaturation; such. preparations. may bp pqrtuculquy
useful for differential enzymatic degradation and resynthesta o




isolation of Nuclei. There is, little direct evidence whethet the entiro
DNA of the bacterial gendame (which. would: comprise about 300 of -the molecules
;as we.now isolate 'the’ DNA) Is a single:extensiye polynucleotide chain’ or; s .
segmented by non-polyﬁucleotrde ngdes. The. exquisite sensitivity to shear-of
long: polynuc}eotlde molecules In.solutloninlght accourit for the moleculq
weight. of: tHa “actua) preparations as an.artefact of extraction, Some-preﬁlminary
studies have been ‘ade on the possibility of the preliminary extradtion of
B. subtilis DNA “in the' form of intact nuclear bodies which. uould penmit them
to be djssolved ‘under the gentlest conditions possible  in a search’ for larger
molecular: segments. Suéh segments mjght also be’ detected by virtue of an.
_augmentatlon of the apparent Vinkage between markers not now recognized as
situated on:the.same DNA mdlecule. The extraction of protoplasts in the presence
of spermine has given rise to nuclear bodies whose DNA content is apparently
protected by the precipitation of salt formations with the spermine base.
However, these bodies have been difficult to redissolve and when this is
accomplished give little evidence of the persistence of any Yarger DNA molecules
than. in .the usual preparations., The procedure fon the isolation of su6h nuclear
bodles should however beé |nva]uable for. studies on the dynamics of transfer of .
trensforming DNA ‘from the. external milles of the transformed cell to the ;
.integrated chromosome. (Ganqgan) . Ag.r- e T .

~’~‘~ﬁgg;ggg§lgg ' Some” elementary questnons ln the immediate history of
transferred markers have been studeed -A-small- percentage of. celis exposed to
DNA from.two drsttnct donors will’ gtve rise ta mixed clones manifesting the |
diverse.markers in’ Separate subc!ones (digresa;ve £o-transfef). These c10nes -
are, however, too rnfrequent to materlally affect.calculations on trénsformnng
kinstics.: The same ‘can be said for the frequency of digressive clones arising
from trahsformlng experimehts involying several.markers from the same donor ;
parent. -From time t& tume transformant clones-have beén seen which appep F. 10 be
ersistently segregating dlfferent markers of the:donor parent ro merkers of
both: the donor:and recipient. parent. . These would be of special iwterest X
they could be sstablished as. heterogenotic clones by anhlogy with the Sranse
ductional SVSLem" Rowever, ‘B. subtilis has been. found: to be considerably less
reliable in:its response to conventional streaking and plating methods, fpr

the separation of pure clones than are the enteric bactefria; ‘and. suoject to.
this caution it is not. poss:ble to make firm conclusions about the persistepqe
1of the heterogenotlc state. (E.M. Lederberg) Bl

}-'-

‘ Dr. Bruce Stocker spent a few months in the laboratory familiarizlng,
himself with-the B. subtilis system and making some prefiminary. experuments

on the transfer of motility to single cells, partly in order to answer the
questions of the previous paragraph. His work along these lines is continuing
in London.

.- Competence (Fradkin), One of the most mysterious aspects of DNA transfer
in B. subtilis remains the mechanism of competence, whereby properly treated
cells obtain the capacity to take up ONA. The competent cells appear at the
stage in the growth cycle of the organisms at which the culture is beginning
to undergo spontanaous lysis. The competent cells in the population, which



rare1y, bat’ occasionally exceed a level of l% of the population, have.the
followlng propérties. They are: substantlally less sensitive to osmotit shock;
they are somewhat retarded ‘in: their growth end therefore more resistant to
ka‘ling by penicullun‘ they sediment more rapidly and may therefore be: larger: -
than the'typncal celIs, and they are" rather more sensitive to killing by high-
tempéfafure or exposure to erythrosin and light. These observations point to
the competent cells being atypncal in their growth propertﬁes, ‘but do ‘hot

yet 1ead to'a COMprehensiVe picture of thelr-distinction. “The competence = -
but not the vaab11'+\ of the cells can be abolished with either periodate or
with prOnaSe; this sugqests that the receptor substance may be 3 g!yco-protein.

EX0B10LOGY

" ‘Molecular blology of the planets. “Studies on the genetic functions-of--
DNA in ‘microorganisms ‘also Torm the conceptual basts of a program of !nvesti-
gation of other planb*s of the solar system for manifestations of ‘Vife. Very
high priority has accordingly been given &) to ‘tHe -detection of mlcrborgahlsms
as indicators of life on Mars, b) the determination whether such organisms, if
they exist, have the same nucleic acid and protein bases as do all terrestrial
organisms,” and“c) ‘the urgency of extreme caution to ‘avoid the inadvertant
transfer of terrestrlal organisms to other habitable sites. The impiementation
of such a program 'is of course the responsibility of the NASA and: specist .~
labofatory with an’ erigineering and analytical orientatioh’ has' been éstabiished
under "that ‘agency's sponsorship-for the purpose. However, it has beéen’ important
not to ‘isolate these activities From other basic reséarch. Not only does RN
exobloﬂogy depénd on the most-incisive and perspective understanding of :
terrestrial biochem7*+ry and’' genetics; but the irstrumentation devéloped for
exobﬁological -stud’y 1%’ beihg designed to take full advantage of possible: appll-
catfonsin ‘the terrssitrial laboratory. = Fortunately ‘the management of the '
exobiology work is nis in the expert -hands of ‘Dfi E.C. Levinthal affordihg the
best: oppértuntty for' mutual help ‘at 2 'scizntific and technical level.,

“Under ‘current ‘dévelopment; hopeful Iy #u.r Flight during the- 1964 ‘opposition,
is an instrument designéd 'to be Tanded on Hxix, ‘sample its- soil,’ and ‘Took for
life as it might be manifest by the enzynatic activity of the soil.  The principles
of sensitive detection on which this sysiam is based derives dlrectly from
Dr. Retman -$ ‘work on ‘the ‘detection of single molecules of p-galactosidase

with fliorogentc ‘sibecrates.



